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Five serum enzymes were studied. These were creatine phosphokinase (CPK) (Rosalki, 1967) , aldolase (ALD) (Ludvigsen, 1963) , lactic dehydrogenase (LDR) (Wroblewski and LaDue, 1955) , glutamic-oxalacetic transaminase, i.e. aspartate aminotransferase (GOT) (Karmen, 1955) and glutamic-pyruvic transaminase, i.e. alanine aminotransferase (GPT) (Wroblewski and LaDue, 1956) . Each was measured using the methods quoted, under optimal conditions giving linear kinetics, by automatic UV assay at 340 mp. on an SP 800B spectrophotometer at constant preset temperatures thermostatically controlled from a circulating water bath with Circotherm heater and cooling coil. The glassware used was Pyrex borosilicate generally, or soda glass graduated, always Grade A, and was cleaned by steeping for a week in 30 % AR HN0 3 , repeated rinsing in glass-distilled water, then drying for 6 hours at 125°C or by AR-acetone suction. Detergent or chromate, giving ions liable to firm adsorption on glass surfaces, was not used. These techniques never varied throughout.
Normal serum enzyme values were measured in 50 healthy individuals (25 men and 25 women). In each group the venepunctures were completed by 6 p.m, and all 125 assays were accomplished promptly thereafter in subdued light and equable temperature, for reasons discussed later. Statistical analysis of the results was carried out, using where necessary a KDF 9 computer. Mathematical testing for skewness gave no indications for correction by logarithms, and all normal ranges could be calculated as the mean ± 2 SD.
For each sex, significant correlations were found between ALD-LDH and GOT-GPT, although the significance was less in women than in men, while only in men was there a correlation of still lower significance between CPK-GOT. Sex differences between the normal means were significant in all enzymes except GPT, and all were higher in the male than in the female except LDH, which was lower. Covariance analyses showed that age had no significant effect on the normal values in either sex, Paper read at Scotland and Northern Ireland Regional Meeting, March, 1969. while F-tests between regression lines for categories showed that in women time of day at venepuncture had significance only in CPK and LDH, but had none in any enzyme in men. Regression analyses of value on time-of-day gave confirmatory regression lines of high significance for CPK and LDH in women, showing how both values increased steadily throughout the day. This finding proved of importance in designing the following system for carrier detection in X-linked (Duchenne) muscular dystrophy (MD).
For dependable results, only obligate heterozygotes for Duchenne MD were examined, each being subjected to 10 successive venepunctures; two before and five, at intervals while casually ambulant, after an hour-long three miles walk and then, based on the conclusions drawn, three more at weekly intervals in the evenings. The evident diagnostic supremacy of CPK and its generally firm support by GOT (much less by GPT) contrasted with the unexpected diagnostic failure of ALD and LDH. Further, the trivial effect of brief exercise was dominated by the steady rise of CPK from morning minima to evening maxima as casual activities continued, though in some instances this was modified by an independent, slower cycle known to exist in MD itself (Thomson and Guest, 1963) . The three weekly evening assays minimised this and took advantage of the evening rise in CPK. In all five enzymes, the means of the three readings were used for diagnosis, with a dominant CPK well supported by GOT and sometimes also by the others. A diagnostic accuracy of 89 % was attained, in accord with the concept of multinuclear X-chromosomal mosaicism in the female muscle fibre giving individual proportionate dominance by dystrophic nuclei. This procedure has been shown recently to be capable of tracing the carrier state through four generations of the same family.
The presence of dissociable enzyme inhibitors can be inferred by a progressive increase of activity of enzyme preparations on dilution, since dilution promotes dissociation. Multiple serial dilutions of pathological serum by saline, heat-inactivated mixed serum and fresh mixed serum were assayed in sera from cases of polymyositis, myocardial infarction, Duchenne MD carriers and patients. Little regular effect was noted in LDH, GOT or GPT; but strong evidence was found of the presence of a heat-stable 70 dissociable inhibitor to ALD present in all sera, both normal and pathological, and of a dissociable inhibitor to CPK present only in sera from Duchenne MD carriers and patients, and absent in normal sera and in sera from cases of polymyositis and myocardial infarction. Since CPK has a central role in contraction kinetics, such a unique inhibitor could account for some features of Duchenne MD, the time and place of its appearance for a typical evolution, and its overflow from rapid and widespread disease could conceivably inhibit cerebral CPK and perhaps impair intelligence. There is some evidence that the amount of such an inhibitor is proportional directly to the severity of the disease and inversely to the muscle mass remaining, so that, like the effluent enzymes, it may arise within the diseased muscles themselves.
Serum CPK in vitro had been shown earlier to be extremely labile to even the simplest external physical influences. Extensive comparative studies of stability on storage of 4°C-stored versus deep-frozen serum aliquots from Duchenne carriers and patients and from myocardial infarction patients showed inexplicable, irregular simultaneous variations, more marked in the deep-frozen aliquots and independent of the nature of the disease. Sera from Duchenne MD and from myocardial infarction patients were therefore each stored simultaneously deep-frozen as a large number of smalI aliquots. They were discarded after assaying for CPK simultaneously in pairs every 8 hours at 9 a.m., 5 p.m., and I a.m. seven days a week for three weeks. After 10 days the evidence suggested that aliquots be thawed in darkness and not on the bench, when the variations immediately disappeared. The separate means of 9 a.m., 5 p.m., and 1 a.m. readings, before and after thawing in darkness, were found to be the same, except those from the 9 a.m. groups before thawing in darkness which were significantly lower; and it 71 was noted that sunlight had always left the bench by 11.30 a.m.
Accordingly the effect on CPK activity, in the same frozen serum, of different exposures to different intensities of daylight was examined; up to 24 %loss of activity was found, which was irreversible and proportional to the intensity and duration of light. Further studies of identical exposure to the same intensity of light of both frozen and unfrozen sera in different diseases showed that the diminutions in both were greatest in frozen sera, and were related neither to the disease nor to the degree of CPK elevation, but to the degree of spectral blue absorption by the sera. Precautions against this light inactivation have been observed at all times elsewhere in this study.
The different labilities of the five enzymes were perhaps best ilIustrated by the action of heat at 56°C for 30 minutes on fresh pooled normal serum. This had little effect on LDH, GOT or GPT, but rapidly reduced ALD to a very low level of activity and completely destroyed CPK in 25 minutes after reducing its activity tenfold in the first 5 minutes.
This investigation was supported by the Andrew Patrick Trust and by the Muscular Dystrophy Group of Great Britain. A fulI account of these findings will appear elsewhere.
